Ingrid S K Krishnadath, 1 Jerry R Toelsie, 2 Albert Hofman, 3 Vincent W V Jaddoe 3, 4 To cite: Krishnadath 
INTRODUCTION
The metabolic syndrome (MetS) refers to the clustering of risk factors for cardiovascular disease (CVD) and diabetes, which occur together more often than by chance alone. 1 Currently used MetS definitions include central obesity, increased blood pressure, elevated blood glucose and triglyceride, and decreased high-density lipoprotein cholesterol (HDL-C) concentrations. The International Diabetes Federation (IDF) definition and the 2009 Joint Interim Statement ( JIS) 1 have shown a high level of agreement in the risk for CVD. 2 3 It has been estimated that around 20-25% of the world's adult population has MetS. In comparison to people without MetS, people with MetS have twice the risk of dying from CVD and five times the risk of developing type 2 diabetes. 4 Previous studies have shown that both genetic and lifestyle factors, such as smoking, impaired physical activity and high-energy dense food intake, affect the different components of MetS. 5 There is growing evidence that demographic factors like urbanisation and low socioeconomic status are associated with increased risk of MetS. [6] [7] [8] [9] [10] Ethnic disparities in the prevalence of MetS have been
Strengths and limitations of this study
▪ The design of the study included a stratified multistage cluster sample, which represents the ethnic and geographic diversity within the Surinamese population by sex in five different age groups. ▪ Use of sample weights in the analysis to correct for selection and response bias. ▪ A low percentage of missing data in general. ▪ The wide range of variables evaluated in this study allowed control for confounders in the evaluation of associations, but still residual confounding cannot be excluded. ▪ This is a cross-sectional study with associated limitations and further studies are needed to assess the prospective associations of risk factors with metabolic syndrome in different ethnic groups.
described. Higher prevalences have been reported among the Hispanics, Amerindians and people of Indian descent and lower prevalences among the Inuits, blacks and Chinese. 1 5 11-14 It has been demonstrated that the racial and ethnic composition of a population influences the sex-related differences in MetS prevalence. 15 The Republic of Suriname, located in the northeast of South America, is an upper-middle income Caribbean country, 16 which has a multiethnic population consisting mainly of people of Indian, African, Indonesian and Amerindian descent. 16 In each of these ethnic groups, cardiovascular disease and diabetes are the main causes of morbidity and mortality. 17 18 Data from the Suriname Health Study on pre-diabetes and diabetes showed a prevalence of 13% for diabetes overall and of 23.3% in the Hindustanis. 19 20 The MetS components described in this analysis indicated the highest median values for central obesity in the Amerindians and Hindustanis, the highest mean systolic blood pressure values in the Creoles and the mean values for blood glucose and blood lipids most approaching deviating values in the Javanese and Hindustanis. 19 Although these components were described, MetS was not evaluated. The only publication on MetS in the Caribbean concerns data of a 1993-2001 cohort study that reports a prevalence of 21.1% in Jamaica. 8 We used data from the Suriname Health Study, the first nationwide study on non-communicable disease (NCD) risk factors, 20 to estimate the prevalence of MetS as well as to assess the main risk factors in different ethnic subgroups. We also explored the influence of biological, demographic and/or lifestyle risk factors on ethnic differences in the association with MetS.
METHODS
We used a subgroup of 2646 participants (20-65 years) of the Suriname Health Study. 20 The Suriname Health Study, a cross-sectional population study, was designed according to the WHO Steps guidelines 21 and approved by the Ethics Committee of the Ministry of Health. Suriname has ∼550 000 inhabitants, categorised into 15.7% Creoles (descendants of African plantation slaves), 27.4% Hindustanis (descendants of Indians), 13.7% Javanese (descendants of Indonesians), 21.7% Maroons (descendants of African refugees who escaped slavery), 13.4% Mixed ethnicity, 7.6% others including Amerindians (original inhabitants) and 0.6% unknown. 16 Participants were categorised into a specific ethnic group if at least three of the four grandparents were of the same ethnicity. Anybody else was of mixed ethnicity. As described previously, 20 this study used a stratified multistage cluster sample of households to select respondents between March and September 2013. In total, 343 clusters were selected randomly within the enumeration areas of the 10 districts of Suriname. Except for the 16 clusters with 40 households in the remote district, Sipaliwini, each cluster contained 25 households. With a Kish grid, 22 which is a preassigned table of random numbers, the respondents were identified in the selected household, informed about the details of the study and then asked to sign for consent. The medical section of the research team revised the physical and biochemical measurements and provided advices or referred to the general practitioner in cases with an adverse outcome. The respondents received the written results of their physical and biochemical measures. The subgroup for this study comprised 2646 participants with 9 hours overnight-fasting blood samples available.
Outcome measures
We used interviews with questionnaires, physical and biochemical measurements to collect information. The questionnaire included questions on the use of antihypertensive and antidiabetic medication, but no specific questions on triglyceride lowering or HDL-C increasing medication.
We measured WC with the Seca 201 measuring tape in centimetres (cm) at a level midway between the lowest rib and the iliac crest. 20 Blood samples were collected after 9 hours of overnight fasting in order to determine the levels of blood glucose, cholesterol and triglycerides by a WASO 9001 2008 certified laboratory. Participating staff was trained extensively according to the WHO Steps manual. 21 MetS was defined as any three of the following five components; 1 1. Increased WC. This was defined according to the recommended cut-off values in the JIS definition. On the basis of their ethnic background, we categorised Hindustani, Javanese, Amerindian and Mixed ethnicities as South Asians and South and Central Americans, and used the corresponding cut-off points (>90 cm in men and >80 cm in women) for increased waist. The cut-off values for the sub-Saharan Africans (>94 cm in men and >80 cm in women) were used in Creoles and Maroons; 2. Raised fasting blood glucose levels (>5.5 mmol/L or use of diabetes medication); 3. Raised blood pressure (systolic blood pressure ≥130mm Hg, diastolic blood pressure ≥85 mm Hg or use of antihypertensive medication); 4. Raised triglycerides (≥1.7 mmol/L); 5. Low HDL-C (<1.0 mmol/L in men and <1.3 mmol/L in women).
As previously described, 20 we considered several risk factors. 'Biological factors' included sex and age. 'Demographic factors' included residential area, marital status, educational level, income status and employment. The residential addresses were stratified into urban, rural coastal areas and the rural interior. 23 Educational levels were divided into low ( primary school education or lower), middle (middle or secondary education) and high (above middle or secondary) education.
Household income was classified as the income status quintile from the Ministry of Internal Affairs of Suriname in Surinamese dollars, SRD ($US1=SRD3.35). The first quintile corresponded to the lowest income and the fifth to the highest. Owing to the small number of respondents in the fourth and fifth quintiles, these two were combined in the analysis. Working and studying participants were classified as employed. 'Lifestyle factors' included cigarette smoking (daily smokers), fruit and vegetable consumption (average daily portions) and physical activity (in metabolic equivalent of task (MET) minutes). Fruit and vegetable consumption and physical activity were classified according to the WHO recommendations. Smoking was categorised as non-daily and daily smokers. Fruit and vegetable consumption was divided in groups of ≥5 or <5 average fruit/vegetable portions daily. [24] [25] [26] [27] Physical activity was measured by the global physical activity questionnaire (GPAQ) and categorised into <600 MET or >=600 MET. 24 Statistical analysis First, we assessed participants' characteristics and described the distribution of risk factors overall and among ethnic groups. Second, we calculated the estimated prevalence of MetS and its components, overall, by sex and ethnicity. The differences in percentages, means and medians between various ethnic groups were assessed with the Pearson's χ 2 , analysis of variance ANOVA or Kruskal-Wallis test, respectively. To adjust for α inflation (α=0.05) the Bonferroni procedure was used as a post hoc test (significance level p<0.05).
Third, we used multiple logistic regression to examine the associations of various risk factors with MetS, adjusted for sex and age, in the overall population and within each ethnic group. Fourth, the risk for MetS between the largest ethnic group, the Hindustanis (reference group) and other ethnic groups was evaluated with hierarchical multiple logistic regression. We used four separate logistic regression models to analyse both the separate effects of biological factors, demographic factors and lifestyle factors, and their combined effects on the observed associations. The first model comprised the base multivariate model adjusted for the biological factors (sex, age). In addition to this base model (model 1), we adjusted for demographic factors in model 2 (residential area, marital status, educational level, income status and employment). In model 3, we added lifestyle factors (cigarette smoking, fruit and vegetable consumption and physical activity) to model 1, and in model 4 we evaluated all risk factors. The results in the various models were compared. We used weighted data for all analyses and considered the statistical significance at p values <0.05. The weights used for analysis were calculated to correct for probability of selection, non-response and differences between the sample population and target population. We used the statistical software Epi Info V.3.2 and the Statistical Packages for Social Sciences (SPSS V.21.0) for analyses. Table 1 shows that the highest percentage of men was found in the Creoles and the highest mean age in the Javanese. We found low education and income most frequently in the Amerindians. The highest percentage of smokers was observed among the Creoles, whereas the lowest percentage of participants who met the required level of physical activity was observed among the Maroons. Amerindians had the lowest percentage of participants who consumed the minimal required fruit and vegetables, and had the highest WC. The mean values for BMI and SBP did not differ significantly between the ethnicities. The highest values for diastolic blood pressure, median fasting blood glucose and median triglycerides were observed in the Hindustanis. The lowest values for HCL-C were observed in the Amerindians as well as Hindustanis. The highest values for MetS parameters were found in the Hindustanis. Table 2 shows that the overall estimated prevalence of MetS was 39.2% (95% CI 37.4% to 41.1%). The prevalence of MetS was higher among women (42.3%) than men (36.8%). Table 2 also shows higher prevalences of central obesity (57.4%) and HDL-C (52.8%) among the components of MetS in the overall population. Among the ethnic groups, the highest prevalence of MetS was observed among the Hindustanis (52.7%), followed by the Amerindians (48.1%) and Javanese (45%). The difference between these groups was not statistically significant. The two lowest prevalences were observed among the Creoles (29.0%) and Maroons (24.2%). The differences in MetS between men and women were only significant among the Creoles and Maroons where we observed more MetS in women (35.8% and 33.04%, respectively) compared to men (24.1% and 10.1%, respectively). The prevalence of central obesity was highest from the MetS components in all ethnic groups and reached up to 80.8% in the Amerindian women. Among the Amerindians, Hindustanis and Javanese, the prevalences of increased glucose and lipid concentrations were higher compared to the prevalences of increased systolic and diastolic blood pressure. Among the Creoles, Maroons and Mixed ethnicities the prevalences of increased systolic and diastolic blood pressure were higher compared to increased glucose and lipid concentrations. Figure 1 shows the prevalence of MetS by age and ethnicity. The overall prevalence of MetS was 11.1% in the youngest age group (20-24 years), which increased with age and reached 60.7% in the oldest age group (60-64 years). Among the Amerindians, Creoles, Hindustanis and Maroons, the prevalence of MetS peaked in the age group of 55-59 years and declined in the older group. Table 3 describes the OR for MetS by various risk factors in the overall population and in the various ethnic groups. In the overall population, the association for MetS in women was stronger than in men. The association of older people, lower educated people, people living in urban areas and married people for MetS was The values are estimated means (SD), medians (IQ=IQR) or proportions (% (CI)) and are based on weighted data. q=Income status quintile. The overall population. The subscript letters a,b,c.d,e and f denote proportions; means or medians differ significantly from the Amerindians, Creoles, Hindustanis, Javanese, Maroons and Mixed ethnicity, respectively, at the 0.05 level. Cons, consumption; DBP, diastolic blood pressure; FGB, fasting blood glucose; HDL-C, high-density lipoprotein; Rec, recommended; SBP, systolic blood pressure; Veg, vegetable. more pronounced in comparison with younger people, highly educated people, people living in the rural interior and single people, respectively. In all ethnic groups, the OR for MetS was higher in the older age groups. The steepest incline of the OR for age groups was observed among the Amerindians and Maroons, whereas the most gradual incline was among the Mixed participants. In addition to the increasing OR with age, in the Creoles unemployed people had a higher risk of MetS than employed people; in the Hindustanis, lower educated people and people with lower income had a stronger association compared to people with higher education and income, respectively; in the Javanese, women, people with lower income and people who consumed five or more portions of vegetables in a day had a stronger association compared to men, people with middle income and those who consumed less than five portions a day, respectively; in the Maroons, women had a stronger association compared to men; in Mixed ethnicity, married people showed for a more pronounced association for MetS compared to singles. Table 4 shows that as compared to the Hindustanis, the Javanese, Creoles, Maroons and Mixed ethnicity had a lower risk of MetS. In the first model, the ORs in the ethnic groups varied from 0.3 (95% CI 0.2 to 0.4) in the Maroons, to 0.8 (95% CI 0.6 to 1.2) in the Amerindians as compared to the Hindustanis. After additional adjustments for demographic and lifestyle factors, the effect estimates did not materially change.
RESULTS

DISCUSSION
The overall prevalence of MetS was almost 40% higher in women and increased with age. This prevalence was highest among the Hindustanis, followed by the Amerindians and Javanese. Among the components of MetS, central obesity and low HDL-C were most prevalent. We observed associations for sex, age, education, income, residential area and marital status with MetS in the overall population. Within the ethnic groups, there was heterogeneity in the associations with the risk factors and MetS. However, the differences in the associations of ethnic groups with MetS were not explained by the variations in these risk factors.
Comparison in prevalence of MetS between studies and countries is difficult because various definitions are being used. The estimates based on the JIS and IDF definitions are comparable and exceed those Figure 1 Prevalence of MetS by age and ethnicity. Figure 1 showing the prevalence of the metabolic syndrome in 5 years age strata for the total population and for the Amerindian, Creole, Hindustani, Javanese, Maroon and Mixed ethnic groups. MetS, metabolic syndrome. Binominal regression procedures adjusted for age and sex were used to calculate the OR for all the risk factors (excluding sex and age) in the overall population and per ethnic group. The OR is considered significant with a p value below 0.05 (*=p<0.05). NA indicates not applicable. The overall population also includes other ethnicities. MET, metabolic equivalent of task; MetS, metabolic syndrome. 7 Open Access determined with other definitions. 2 28 The prevalence for Europe, 3 29 30 North, and South East Asia 31 of JIS defined Mets varied between 27% and 33%. The JIS defined prevalence of the MetS in Suriname was higher than that in European countries, but comparable to prevalences in South Asia. 2 28 The prevalence we estimated in our study also exceeds the published prevalence in Jamaica. 8 Since MetS portrays increased risk of CVD, the high MetS prevalence found in our study is reflected in the high mortality from CVD in Suriname. 18 The distribution of the components of MetS can differ even when MetS prevalences are alike. High levels of central obesity are most common. In European studies, increased WC and hypertension are the main components, whereas 29 30 in Asian studies, increased WC and increased fasting blood glucose prevail. 28 In the present study, increased WC and low HDL-C values were most common. Results of a population-based study suggest that common genetic variants affect HDL-C levels. Non-synonymous mutations affecting the sequence variants were more common in individuals with low HDL-C compared to those with high HDL-C. 32 So, apart from lifestyle factors, ethnic specific genetic components may also affect low HDL-C plasma levels. In order to develop effective prevention strategies, the MetS components should be explored in more depth.
As in other studies, we have observed that the prevalence of MetS increased with age and levelled or even decreased in the older categories. 1 33 This difference may be due to selective survival with increased mortality rates. 18 Available studies regarding the association between sex and MetS show inconsistent results, possibly influenced by the racial and ethnic composition of the study population, 15 34 the level of sex hormones or age. 34 Since no country-specific WC cut-off values are determined in Suriname, the JIS recommended cut-off values were used in our study. The recommended JIS values for participants of African descent are not in sync with studies, which suggest that WC cut-off values are lower for black men compared to women. 35 36 With the use of JIS values, we observed the largest discrepancy of central obesity and an association of sex with MetS in the Creoles and Maroons. Adapted JIS, WC cut-off values for blacks, with higher cut-off values for women compared to men, would have resulted in a different, maybe even inverse, association of sex with MetS in our study. However, changing the WC cut-off criteria will shift prevalence rates in women and men up or down, but whether it will be more effective to capture those who are at greatest risk of CVD and diabetes 15 needs to be explored. More research, especially in groups with people of African descent, is needed in order to change the recommended cut-off values.
The higher prevalences, found among the Amerindians, Hindustanis and Javanese, are in line with published findings on MetS components from the Suriname Health Study. 19 These findings also concur with the higher prevalences reported in the Mexicans and Hispanics in the USA. 33 37 38 The extreme high prevalences we observed in Hindustani are comparable with published figures in populations like Malaysia, 2 Sri Lanka 28 and India. 39 The Masala Study shows that in South Asians only modestly increased BMI is already associated with high levels of total and regional adiposity. 40 Also, increased levels of leptin were positively correlated with the MetS. 40 Also, decreased insulin sensitivity and even more impaired β-cell function are associated with pre-diabetes and type 2 diabetes in Asian Indians. 41 These findings suggest that descendants from South Asia have an increased risk of MetS. The lower prevalences of MetS that we found in the Creoles and Maroons are consistent with the lower prevalence among blacks in the USA. 33 37 38 For ethnic groups with similar risk profiles like in our study, the role of genetic factors in the pathogenesis of MetS causes different interactions between genetic and environmental factors. 15 38 42 Studies on MetS components are reporting that in groups where hypertension prevails, lower prevalences of MetS are observed in contrast to groups where lipids or increased fasting blood glucose prevailed. 2 28 The results of our study were consistent with the literature and underline the fact that ethnicity should be considered in the determination of MetS. More detailed ethnic-specific cohort and intervention studies are required to obtain this goal. Previous studies are indicating that urbanisation, diet, smoking, education and levels of physical activity are important factors explaining the increasing risk of MetS. 6 7 9 The results of this study are in line with those findings as most associations were observed for factors like residential area, education and income. However, in contrast to the previous studies, we observed that among the Javanese, higher intakes of fruits and vegetables are associated with a higher risk of MetS. 15 25 To rule out confounding, the link between high intake of fruits and vegetables and risk behaviour like, for example, high intake of high-energy dense foods needs to be studied.
Differences in the prevalence of MetS components and their individual interaction with risk factors could explain the consistency in differences of association among ethnicities with MetS 4 when adjusted for different risk models. Genetic factors may also explain part of the ethnic differences in MetS risk. 15 In order to determine the impact of risk factors, more detailed research is needed.
The strength of this cross-sectional study was the design with a stratified multistage cluster, adequate to represent the ethnic and geographic diversity within the Surinamese population by sex in five different age groups. 20 The use of trained interviewers, the inclusion of control questions in the questionnaire and the intense monitoring on consistency and completeness that included random checks on responses of participants improved the validity of our selfreported data. 20 In addition, in the analysis, sample weights were applied in the analysis to correct for selection and response bias. In general, the percentage of missing data in general was relatively small (<2%), except for the information on income status (41.6%).
Still, some limitations should be considered. First, from all participants, 53% met the criteria of 9 hours overnight fasting. Although sample weights were applied, the non-response for blood samples might have still resulted in self-selection bias, inflating the outcomes on prevalence. Second, although the wide range of variables evaluated in this study allowed control for confounders, residual confounding might still have occurred. For example, information on high-energy dense food intake was not considered.
CONCLUSION
The prevalence of the MetS in Suriname was higher than that in European countries, but comparable to prevalences in South Asia. The prevalence was the highest among the Hindustanis, followed by the Amerindians and Javanese. Central obesity and low HDL-C, especially in women, had the highest prevalence among the components of MetS. The prevalence of the different components of MetS varied between ethnicities. The observed heterogeneity in the associations with the risk factors and MetS among ethnicities did not influence the differences in OR for MetS among ethnic groups. The observed differences suggest that ethnicity should be considered in screening and for the development of preventive strategies for MetS. For more insight on the association of risk factors with MetS, further follow-up studies are needed.
